The Blende zinc-lead-silver deposit, 60 km northeast of Keno City, Yukon Territory, is spatially associated with a mid-Proterozoic fault zone that crosscuts stromatolitic dolostones of the Middle Proterozoic, upper Gillespie Lake Group. It is the largest known strata-bound, carbonate-hosted, zinc-lead deposit in the Yukon Territory. Mineralization, largely epigenetic, consists of sphalerite and galena, with lesser pyrite and chalcopyrite, and trace friebergite in quartz-carbonate veins and veinlets. Veining is zoned from copper-and silver-rich mineralization at the base of the deposit, through lead-and zinc-rich, to zinc-dominated at the top. Galena lead isotopes, interpreted using the shale model, indicate an age of 1.4 to 1.5 Ga for the deposit. This is older than, or penecontemporaneous with, regionally extensive diorite sills (1380 _+ 4 Ma, U-Pb zircon) that occur below the upper Gillespie Lake Group. However, a close spatial association of mineralization to upper parts of sills and the high temperature of ore fluids from fluid inclusion homogenization temperatures supports a genetic relationship between the sills and mineralization.
Wernecke Supergroup has been subdivided into three units: the Fairchild Lake Group, the Quartet Group, and the Gillespie Lake Group. Extension after deposition of the Gillespie Lake Group opened subbasins that filled with Late Proterozoic sediment. These may correlate with the Pinguicula Group sequences of the Mackenzie Supergroup that overlies the Wernecke Supergroup (Eisbacher, 1981). Paleozoic carbonates unconformably overlie the Proterozoic succession. Diorite dikes and sills intrude only the Proterozoic rocks, indicating a pre-Paleozoic age. Late Mesozoic folding and thrusting has formed a west-trending belt that extends from Alaska to the Northwest Territories (Roots, 1990) . Only Proterozoic units are described below.
Fairchild Lake Group
The Fairchild Lake Group, not exposed in the vicinity of the Blende deposit, is the oldest unit of the Wernecke Supergroup. It comprises pale gray-weathering siltstone, mudstone, and fine-grained sandstone with minor intercalated carbonate (Delaney, 1981) , which probably was deposited mainly in deep water. However, carbonate horizons immediately north of the present-day Wernecke Mountains indicate shallower deposition. These rocks, regionally metamorphosed to greenschist facies, locally have been transformed to slates, phyllites, and schists.
Quartet Group
The Quartet Group (Figs. 1 and 2) conformably overlies the Fairchild Lake Group and consists of a monotonous succession of dark gray-weathering siltstone, mudstone, and fine-grained sandstone that have been metamorphosed to slate, phyllite, and schist with minor interbedded quartzite. At the base of the Quartet Group, sedimentary rocks are finer grained, carbonaceous and pyritic, indicating that they probably accumulated in a sediment-starved basin. Upward they merge transitionally into rhythmically layered siltstone and mudstone turbidites (Roots, 1990; Delaney, 1981) . The top of the Quartet Group is characterized by fine-grained sandstone with abundant primary sedimentary structures indicative of shallow-marine environments (Delaney, 1981) .
Gillespie Lake Group
The Gillespie Lake Group (Figs. i and 2) is generally in gradational contact with the underlying Quartet Group (Delaney, 1981; Mustard et al., 1990; Roots, 1990) . However, in the Ogilvie Mountains, 100 km west of the study area, Roots (1990) 
Pinguicula Group
The Pinguicula Group (unit 4 of Roots, 1990 ) is dominated by dark gray siltstone and dark shales, with interbeds of sandstone and carbonate. A widespread basal conglomerate layer, it disconformably overlies unit PGL2. This unit was most likely deposited in extensional basins after the deposition of the upper Gillespie Lake Group (Roots, 1990) .
Diorite dikes and sills: They are of medium-to coarsegrained hornblende diorite with diabasic texture and intrude all Proterozoic units (Figs. i and 2 ). Large sills greater than 100 m thick form massive cliff-forming units that trend northwest through the Blende property. Small sills and dikes, on the order of 15 m thick, are recessive weathering. All small dikes and sills intruding carbonate rocks are surrounded by pale white-green dedolomitization halos enriched in calcite and serpentine. Larger sills alter and silicify the host dolostone (the lower Gillespie Lake Group unit and the lower parts of the upper unit) to a green rock without destroying primary textures such as bedding. Large mineralized calcite veins in the green dolostone immediately above a major sill may be dewatering structures, implying that the more shale rich sediments may not have been lithified at the time of intrusion. Uranium-lead dating of zircons recovered from a coarsegrained sample of the large sill about 2 km northwest of camp (filled square, Fig. 2 ) gave an age of 1380 ___ 5 Ma (M.L. Bevier, Geological Survey of Canada, pers. commun., 1992).
Middle Proterozoic Geology of the Blende Deposit
Lead-zinc-silver mineralization is hosted by upper Gillespie Lake Group dolostone (Fig. 2) . It is spatially associated with a Middle Proterozoic fault zone that strikes about 110 ø and dips steeply southwest. Most faults in this zone have reverse offset of only a few meters. Figure 2 shows the linear distribution of surface mineral occurrences that parallel these faults for 6 km. Two large mineralized bodies, the west and east zones, have been delineated.
Unit PGL2 is well exposed on steep slopes and cliffs near the peak of Mount Williams (Fig. 2) Representative cross sections of the west (10 q-400 E) and east (12 + 600 E) zones are in A more complicated paragenesis of minerals is present in stromatolitic horizons that are crosscut by veins (Fig.  6A ). Pyrite and sphalerite botryoids associated with the growth of cryptalgal laminates ( Fig. 6B and C ; algal mineralization) form the first generation of sulfides. Later galena, sphalerite, and pyrite (and copper sulfides in the basa] part of the west zone) replace the origina] synsedimentary sulfides (Fig. 6D) . In some cases, sulfides completely replace the original a]gal laminate (Fig. 6E) .
The Blende deposit is crudely zoned from spotty cop- per-and silver-rich mineralization at the base of the'west zone, through lead-rich mineralization in the middle and upper levels of the zone. Zinc-rich mineralization is dominant in the east zone. High-grade mineralization is mostly strata bound within stromatolitic horizons throughout the deposit (Figs. 3 and 4) .
Fluid Inclusions
A general fluid inclusion study using standard heating techniques was done on five doubly polished thin sections from typical ore in the Blende deposit. Inclusions in sphalerite were emphasized although quartz and dolomite were also examined. Results of 21 runs are given in Table  1, ] QZ = quartz, P = primary, SL = sphalerite, U = uncertain
The inclusions homogenized to liquid between 261 ø and 307øC (Fig. 7A) . Large (about 50 •m), isolated inclusions found in unzoned sphalerite were also interpreted as primary inclusions (Table 1 , samples MR 17SL-P to MRoe 1SL-P). They homogenized to liquid between 263 ø to 296øC (Fig. 7A) . The mean temperature of homogenization for all primary inclusions is 283 ø ___ 5øC (standard error of the mean).
Inclusions of uncertain origin homogenized over a broader range in two groups (Table 1, Fig. 7B ). One group that included inclusions located both in sphalerite and quartz homogenized over a range of 158 ø to 216øC with a mean temperature of 184 ø ___ 12øC. The second group of only two inclusions homogenized at an unusually high temperature around a mean of 357 ø ___ 2øC.
Pressure corrections to the data are probably minimal. The upper Gillespie Lake Group is unconformably overlain by postmineral carbonate strata of the Pinguicula Group. The implication is that upper Gillespie Lake Group dolostones probably were exposed to erosion during mineralization.
The primary fluid inclusion homogenization temperature is high compared to most described Mississippi Valley-type deposits (100ø-150øC; Roedder, 1984). Because pressure corrections are minimal, temperatures of homogenization for primary inclusions apparently reflect temperatures of mineralization (283øC). The lower temperature inclusions (184øC) of uncertain origin may be a cooler part of the 283øC population. If so, it might reflect cooling of the hydrothermal system over time. Alternatively, the lower temperature inclusions could reflect later metamorphism. The highest homogenization temperature (357øC) may be related to intrusion of the diorite sills.
Sulfur Isotopes
Samples of sphalerite, galena, pyrite, chalcopyrite, and tetrahedrite were handpicked for sulfur isotope analysis from mineralized drill core and surface specimens. In addition, five widely spaced samples of unmineralized dolostone from unit PGLv. were analyzed for the isotopic composition of the total sulfur contained within the rock. Twenty-eight sulfur isotope analyses are in Table 2 • CP = chalcopyrite, GL = galena, PY = pyrite, SL = sphalerite, TT = tetrahedrite, WR = whole rock 2 Avg2 = average of the two analyses immediately above; this average value is used in Figure 9 s Samples were analyzed at H.R. Krouse's Stable Isotope Laboratory, Physics Department at the University of Calgary, Alberta, Canada; sulfur isotope results are reported relative to the Canyon Diablo troilite standard (CDT); error at 2 a is less than 0.5 per mil; one whole-rock analysis was done using Kiba reagent; however, the other whole-rock samples were so anomalously rich in sulfur that direct burning liberated sufficient gas for isotopic analysis water. However, the •i•sO values fall outside the ranges for ocean water, meteoric water, magmatic water, formation waters, and ore fluids typical of Mississippi Valleytype deposits (Fritz, 1976) . Therefore, this is additional support for a basinal brine origin for the mineralizing fluids on the Blende property.
Galena Lead Isotopes
Galena samples were handpicked from drill core and hand specimens from all areas of the Blende property. Galena lead isotope ratios, measured for 13 samples, are in Table 4 , which also contains analytical details.
Lead isotope signatures for most carbonate-hosted deposits in the Canadian Cordillera either conform to the shale curve 
Discussion

Source of metals
The major source of metals for the Blende deposit is most probably shales of the Quartet Group or shaly members of the lower Gillespie Lake Group. Lead isotope data indicate lead was mostly derived from upper crustal rocks, such as shales, with minor contamination by anomalously radiogenic lead; the diorite was not a source for the metals. We assume that the lead source was also the main source of zinc, silver, and copper. The calculated values for the stable isotopes of carbon and oxygen in the mineralizing fluids also are characteristic ofbasinal brines.
A minor metal source could be the upper Gillespie Lake Group, which is the host rock to the mineralization. Some pyrite, and possibly sphalerite, appears to have been deposited during sedimentation (Fig. 6B and C) .
Thus, we envisage that metal chloride-rich stratafugic brine solutions were expelled from shaly units during burial, compaction, and maturation (Beales and Jackson, 1968) . A small markedly radiogenic component to the lead could have been added during transport of the expelled brines through sandiet aquifers. For example, most sandstones contain elevated amounts of zircon, which contains uranium and therefore produces markedly radiogenic lead that can be leached into br.ines.
Fluid transport
Much mineralization is focused along normal fault zones. These faults are obvious pathways into the upper Gillespie Lake Group for upwardly migrating metal-rich brines. It is likely that the sills are associated with a rifting event. Such areas of extension commonly are marked by high heat flow. This is apparently reflected in the high temperatures found in the fluid inclusions. Along the normal faults, pyrite, sphalerite, and galena replace the wall rock directly (Fig. 5B) . However, significant mineralization preferentially follows certain oolitic and stromatolite beds within unit PGL2, because they were more permeable.
Ore deposition
The following features seem particularly important to ore deposition in the Blende deposit: 2. The dolomite host to mineralization is sulfur rich, as determined during sulfur isotope analyses (see footnote 3, Table 2 ). Most of the sulfur in the rock probably occurs as anhydrite.
3. Stromatolitic horizons and adjacent oolitic units are associated with much of the mineralization (Figs. 3 and 4) . These form excellent mineralization traps (cf. Ran Chongying, 1989) because they are permeable, can contain abundant anhydrite because of their shallow formation, are made of abundant organic carbon, and host minor amounts of biogenic sulfide. The organic material can be thermally altered to the reductant methane, and the anhydrite can be a source of sulfur for sulfide. (Fig. 8) Most mineralization at the Blende deposit has the following paragenesis (Fig. 5A, B , and C): brucite needles in vein envelopes, galena followed by sphalerite in veins, and sparry dolomite in the core of veins greater than 0.5 cm wide. Sphalerite abundance is greater than galena. Pyrite is more abundant than chalcopyrite and together account for less than 10 percent of the deposit. Using the 
The sulfur isotope values
